Experimental setup
Measurements were performed on a home-built microscopy system equipped with a commercial Ti:Sapphire oscillator (Mai Tai, Spectra Physics), a piezo scanner (NanoMax MAX312D, Melles Griot) and a high numerical aperture objective (NA 1.4, 100×, Leica). A schematic drawing of the setup is presented in Figure S1a . A doughnut-shaped excitation profile in the focal plane was generated by a helical phase plate (HPP, VPP-1a, Rochester Photonics). Confocal recordings were performed without the HPP. Nanowires were excited at ~700 nm by ~5 ps laser pulses stretched in a polarization-maintaining single-mode fiber. The pulse repetition rate was 80 MHz.
Photoluminescence was filtered by bandpass/cut-off filters (AHF Analysentechnik, Semrock) and detected by a single-photon counting avalanche photodiode (APD, SPCM-AQR-13-FC, Perkin Elmer). In some experiments, the APD was replaced by a single-photon counting module with high temporal resolution (low dead time) (id100, idQuantique). 
Synthesis of GaP/GaInP barcode nanowires
GaP/GaInP nanowires were synthesized by use of Au-particle assisted vapor liquid solid growth . The substrate was then placed in the MOVPE reactor chamber. The epitaxial growth was preceded by a 10-min temperature annealing step at 650˚C with a constant PH3 flow (molar fraction of 6.9×10 -3 ) in H2 carrier gas (total flow of 13000 SCCM) to remove the native oxide from the GaP surface. The temperature was subsequently lowered to 440˚C and precursors for GaP were introduced into the reactor chamber, i.e. trimethylgallium (TMGa, at a molar fraction of 4.5×10 
Sample preparation
The NWs substrate was first vertically placed in an Eppendorf tube filled with Milli-Q water and then sonicated for ~1 min to detach NWs from their substrate. Next, the dilute NWs suspension was spread on a coverslip (plasma-cleaned) and dried overnight or under a vacuum pump (dropcasting). A small drop of the microscope immersion oil used for imaging (Type B, Cargille) was added to a microscope object slide for index matching, and the coverslip put on top. After oil had spread out under the whole coverslip, the sample was sealed with nail polish.
Mathematical image processing
The present demonstration of PL GSD nanoscopy extracts high-resolution (sub-diffraction)
information by preparing features in the "on" state everywhere except at and near the minimum of a doughnut-shaped excitation beam, resulting in "negative" images at raw data level. This drawback can in principle be overcome experimentally (by applying a second modulated laser beam, which excites non-saturated emitters, and a lock-in detection 3 ), or by mathematical processing. The second option is easier to implement and does not necessitate slower recording.
We therefore used two different methods: linear subtraction and Wiener deconvolution ( Figure S2 ).
For the linear subtraction, we first applied a low-pass Gaussian filter to the original data set The PSF in GSD imaging is dependent on the emitter properties, and is difficult to assess experimentally for extended emitters. The GaInP PL segment size is comparable to the expected resolution, as estimated from the characterized saturation behavior (Figure 2a ) and the PSF ( Figure   S1b ). For this reason, we modeled an emitter response function hGSD. We calculated the effective PSF using a non-saturated point spread function approximated by a Laguerre-Gaussian beam hPSF(r) ( Figure S1c ) and the experimentally measured saturation properties (Figure 2a ): h r P h r h P P h r P P where a point-like object is denoted by hobj, the saturation average power is PS = 0.322 mW, the average excitation power is PExc, the doughnut zero parameter is denoted by = 0.001, and the Gaussian beam width w0 = 430 nm.
The effective PSF is a multiplication of hGSD with the confocal detection probability hdet. The detection probability was represented by a Gaussian distribution (w0 = 280 nm), close to experimental conditions. The final effective PSF heff then takes the form: 
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Results
We compared the GSD nanoscopy results with standard confocal microscopy and scanning electron microscopy (SEM). The tables below report measurements for several NWs in a given field of view. Uncertainties were estimated as the standard deviation of reported measurements. In this study, we defined the contrast as (Imax -Imin) ∕ (Imax + Imin).
Notation: xc -separation of adjacent maxima, x -apparent segment length (FWHM), y-apparent segment width (FWHM).
NW #10188 J3 ( Figure 3 ) 
Limitations of direct subdiffraction imaging with GSD (resolution and contrast)
The resolution enhancement is limited by several factors. One of them is the quality of the doughnut zero, which can influence the image contrast. We found that the non-zero intensity at the minimum (in our case = 0.001) only slightly influenced the contrast at applicable power levels (<20% reduction). The predicted resolution and contrast for a point-like luminescent segment (1×1 nm 2 ), calculated for the saturation properties and the analytical PSF (both informed by measurement), is presented in Figure S4 . The highest contrast can be obtained for the smallest luminescent objects at the expense of signal (which scales as the volume, i.e., number of electrons). As nanowires are exceptionally bright, we decreased both the diameter and the length of luminescent segments. However, small NWs (diameter <20 nm) exhibited strong PL intermittency, which makes GSD imaging impracticable ( Figure S5 ). When NW luminescent segment size became comparable to the (bulk) exciton radius (for a GaxIn1-xP exciton the Bohr radius is ~4.2-8.6 nm), we observed significant fluctuations in emitted PL. Currently, these fluctuations are most often explained as induced by light charging of the semiconductor material, which then cannot emit light. Unneutralized charge is created by photoexcited carriers trapped in acceptor-like surface states, and eventually recombines via a nonradiative Auger-like mechanism. This charging effectively quenches emission until the semiconductor is re-neutralized. The nature of PL fluctuations is still not fully understood 4 . Figure S5 . Photoluminescence of a single NW ( = 10 nm) with four PL segments. An increased photoluminescence intermittency was observed due to the small diameter of the NW. The excitation power was 70 W (top) and 3000 W (bottom), the dwell time 1 ms. The photoluminescence segments became indistinguishable due to the strong signal fluctuations, which masked the expected signal dips. All scale bars: 200 nm.
A practical limit of resolution enhancement is related to permanent loss of PL from the emitter structure ( Figure S6 ). Such damage eventually occurs after applying a high-power excitation beam and manifests as significantly lower PL signal and, very often, suddenly increased contrast of the recorded image. This contrast increase is likely due to reduction of the emissive segment volume.
This observation is supported by changes in the scattering profile before and after photoluminescence decrease ( Figure S6d ). For a single NW, the threshold for permanent signal loss varied from 3 to 7 mW, depending on the NWs. The mechanisms of PL decrease are beyond the scope of this article. 
